design, optimize and scale-up a novel multi-step process for the production of secondgeneration liquid biofuels from lignocellulosic biomass in a cost-efficient way through the use of next-generation high surface area tailored nano-catalysts . The strategy proposed in CASCATBEL will lead to the preparation of advanced biofuels having composition and properties very similar to petroleum-derived fuels. This is a very relevant advantage regarding the commercial implementation of this technology, as it would not require any significant changes in the already existing infrastructures and engines
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Two-dimensional Zeolites: Current Status and Pespectives
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Z eolites are well-known as valuable crystalline solids with framework structures containing discrete micropores of molecular dimensions that accommodate exchangeable extraframework cation sites. In terms of host−guest interactions, zeolites can be viewed as host frameworks with structurally intact and immutable three-dimensional (3D) structures. They show exceptional catalytic and sorption characteristics together with very desirable environmental qualities. Zeolites are widely used in commercial applications as catalysts for hydrocarbon conversions in petroleum and chemical industries, as sorbents for small-molecule separation processes, and as ion exchangers in detergents. The remarkable properties of zeolites are closely related to their structural features. Zeolites are composed of cornersharing TO4 tetrahedra, with T standing for tetrahedrally coordinated framework atoms, such as Si and Al or other heteroatoms. Zeolites contain one-, two-, or three-dimensional systems of channels, which are interconnected in a number of different ways. The topological uniqueness of individual zeolite structures is defined by coordination sequences and vertex symbols. The number of possible zeolites is (theoretically) unlimited; however, only 213 different framework structures are accepted so far by the Structural Commission of the International Zeolite Association and have obtained a unique three-letter code. Most of the synthetic zeolites were obtained via solvothermal synthesis by use of different reaction conditions, reactants, and structure directing agents (SDA); some of them were obtained via solvent-free synthesis. The reaction proceeds either directly to 3D zeolites (in most cases) or it can proceed via a twodimensional (2D) layered zeolite precursor, LZP (about 10 cases; see Figure ) .
Recently, it has been shown that new zeolites can be obtained by a completely different mechanism: removal or replacement of structural units of an already synthesized 3D zeolite. Zeolites have been traditionally viewed as covalently bonded continuous frameworks extended in three dimensions. To take account of the aforementioned layered intermediates LZP, which may also have similar porosity and structure to zeolites, this definition may be extended to include socalled "2D zeolites", where the structures propagate in only two dimensions. These 2D LZP produce the standard 3D zeolite frameworks by topotactic condensation induced by calcination, but they could also be modified into other types of structures, particularly expanded ones, by swelling, pillaring, or stabilization. The onset of this new paradigm is linked to the first synthesis of MWW zeolites, specifically MCM-22, and many LZP have been synthesized and described in the past decade. The synthesis of zeolites with new structures, in particular those with large channels where bigger molecules can diffuse into the zeolite crystallite, is an active field of research. Germanosilicate ITQ-37 is a zeolite with the largest channel diameter (20 Å) synthesized so far. The synthesis of zeolites containing both micropores and mesopores is also actively researched. The advantage of hierarchical zeolites is that diffusion is enhanced in the mesopores. A number of different strategies have been proposed, including postsynthetic treatments with mild acids or bases resulting in partial dissolution of framework atoms, mechanical hole drilling, or various postsynthetic treatments of 2D layered zeolite precursors. T he adsorption and catalytic properties of three-dimensional zeolite UTL were investigated computationally along with properties of its twodimensional analogue IPC-1P that can be obtained from UTL by a removal of D4R units. Adsorption properties and Lewis acidity of extra-framework Li+ sites were investigated for both two-and three-dimensional forms of UTL using the carbon monoxide as a probe molecule. The CO adsorption enthalpies, calculated with various dispersion-corrected DFT methods, including DFT/CC, DFT-D2, and vdW-DF2, and the CO stretching frequencies obtained with the νCO/rCO correlation method are compared for corresponding Li+ sites in 3D and 2D UTL zeolite. For the majority of framework Al positions the Li+ cation is preferably located in one of the channel wall sites and such sites remains unchanged upon the 3D → 2D UTL transformation; consequently, the adsorption enthalpies become only slightly smaller in 2D UTL (less than 3 kJ mol−1) due to the missing part of dispersion interactions and νCO becomes also only up to 5 cm−1 smaller in 2D UTL due to the missing repulsion with framework oxygen atoms from the opposite site of the zeolite cannel (effect from the top). However, when Li+ is located in the intersection site in 3D UTL (about 20% probability), its coordination with the framework is significantly increased in 2D UTL and that is accompanied by significant decrease of both νCO (about 20 cm−1) and adsorption enthalpy (about 20 kJ mol−1). Because the intersection sites in 3D UTL are the most active adsorption and catalytic Lewis sites, the results reported herein suggest that the 3D → 2D transformation of UTL zeolite is connected with partial decrease of zeolite activity in processes driven by Lewis acid sites. The selectivity depending on the size, shape, and connectivity of microporous channel architectures is among the most valued advantages of zeolites; however, the size of pores becomes a major limitation for the use of zeolites for bulky reactants and products. The concept of hierarchical zeolites offers a valuable extension of the zeolite applicability. One of the approaches towards hierarchical microporous/ mesoporous materials is based on the synthesis of layered zeolite materials.
The inter-layer interactions and the possible arrangements of MWW-type layers were investigated computationally at the non-local density functional theory level. Powder XRD patterns were simulated for structures obtained computationally and compared with experimental data. The MCM-22P material corresponds to the layers bound with relatively strong hydrogen bonds between surface silanol groups that is an energetically preferred structure in the presence of a structure directing agent (hexamethyleneimine). The powder XRD pattern of MCM-56 is best matched for relatively disordered (in the ab plane) MWW layers that are partially condensed. The appearance of the powder XRD pattern in the 2θ range of 7.5-10° depends on the extent of interlayer condensation.
The combination of density functional investigation of interactions between MWW layers together with simulation of powder XRD patterns brings atomistic insight into the interlayer arrangement and better understanding of the effects responsible for the differences between various layered materials of the MWW family. Charles University in Prague is the oldest and largest university in the Czech Republic, and renowned for its excellence in research and education . The Department of Physical Chemistry in the Faculty of Science at Charles University in Prague has about 20 employees, and over 60 doctoral students. The Laboratory of Material Modeling (headed by Prof. Nachtigall) has vast experience in several areas of theoretical and computational chemistry, and in modelling the physical and chemical properties of molecules and solids. It operates a local Linux cluster with a total of about 400 cores, and uses computational resources provided by the MetaCenter supercomputing center .
The theoretical group at the Charles University in Prague works in close connection with experimental groups involved in the project. The group will focus on the modeling of catalytic systems based on solid acids and bases, particularly hierarchical and layered zeolites, and the investigation of catalysts based on carbon nanoparticles. Theoretical investigations focus on identifying the structural details of catalytically active sites based on the results of experimental characterization and calculated properties. In addition, factors increasing or decreasing catalytic activity are be computationally investigated . Calculations are mostly performed with periodic models and DFT based methods. He is the organizer of a number of workshops devoted to zeolites and molecular sieves and organizes annually the School of Molecular Sieves, focused on diverse aspects of their chemistry and applications. His research interests involve synthesis of zeolites and mesoporous and novel nanostructured materials, physical chemistry of sorption and catalysis, and investigation of the role of porous catalysts in transformations of hydrocarbons and their derivatives. He is co-author of more than 220 research papers and co-editor of five books.
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J. Heyrovsky Institute is a centre for fundamental research in physical chemistry, electrochemistry and chemical physics in the Czech Republic. Much of the scientific work is concerned with fundamental research, but several groups, particularly those in catalysis and electrochemistry, are also making contributions in more applied aspects. Besides its research activities, the institute is strongly involved in training both undergraduate and graduate students, supervising their diploma and PhD theses, and in university teaching. At the end of 2012, J. Heyrovsky Institute had about 150 employees, mainly researchers and postdoctoral scientists. The institute has participated in about 25 different European projects over the past 5 years. J. Heyrovsky Institute possesses excellent infrastructures and facilities for materials characterization (AFM, SEM, ESCA, XRD, FTIR and Raman spectroscopies, chemisorption apparatus, surface area and pore size analysis), a number of autoclaves of different sizes for the synthesis of zeolites and other catalysts, and equipment for laboratory scale catalyst testing.
J. Heyrovsky Institute is responsible for the synthesis and characterization of novel types of twodimensional zeolites as well as for the investigation of adsorption/catalytic properties via highresolution adsorption studies (FTIR, adsorption isotherms) with model compounds or small substrates. These studies are helpful in understanding the main reaction mechanisms in biomass transformation, and in optimizing catalyst formulations. In addition, it participates in the characterization of catalysts prepared at pilot plant scale.
